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• Industry Participation 
– NERC GMD TF 1 

– NERC GMD TF 2 

• Internal Program 
– Working Group 

– Monitoring 

– Modeling 

– Mitigation 
 

Summary 
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ATC’s Industry Participation 

NERC GMD TF– February, 2011 though February 2012 

– Task force met four times in 2011 

– Conference calls:  

 Preparation for NERC GMD Assessment Report 

 Review of Report 

 NERC Interim Assessment February 2012 Findings 

 Voltage Collapse for Severe Storm 

 Need to Make progress in the following areas: 

 Operational Procedures 

 Monitoring 

 Modeling 

 Mitigation 
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– Reformed in August 2012 

1. Four teams 

• Analyzing the System 

• Transformers and Equipment 

• Storm modeling 

• Operating Practices 

2. Face to face meetings in February and July 2013 

• Team Reports 

• Industry experience 

• Team Strategies 

NERC GMD TF 2  
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Formed in March 2012 

– Purpose to implement recommendations of NERC GMD Report 

– ATC Working Group 

– Charter  

– Executive sponsorship 

– Cross functional team 

– Planning, Asset Management, System Protection, Transformer SME, Operations, Regulatory 

– Meets regularly 

– Attends related webinars 

– Representation on NERC GMD TF2 

ATC’s Internal Program—Working Group  
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• GIC Monitoring – measure the issue 
– 22 current monitors installed at this time 

• GIC Effects 
– Even Harmonics Measurement (an indication of transformer 

saturation from DC current bias)  

– MVAR Loading for indication of  transformer saturation  

ATC’s Internal Program--Monitoring 
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Monitoring—Circuit Model 

Geo-magnetically Induced Current Example 

Earth surface potential is a function of 

storm intensity and earth conductivity. 
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GIC Monitoring  

 ATC Doubled GIC Monitor Platform 

to 22 in 2012 

 ATC In-house Design 

 Standard Parts 

 Hall Effect CT 

 Signal Processing 

 Power supply 

 Circuit proving 

 Custom Design and testing 

 DC current only 

 Feeds EMS 

 Industry Offerings Now Available 
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GIC Monitor Installation 

CT box with 

N-G feed 

through 
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Monitoring GIC 

 Circuit Actual Example 

10 

Sub 3 

Sub 2 

Sub 1 
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Monitoring—Saturation of Transformer  

11 
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Monitoring the Effects of GIC on Transformers 

• 1st – 5th Harmonics and neutral current using the existing transformer differential relays 

• Use “Even” Harmonics to determine transformer partial saturation  

• Use transformer magnetizing (excitation) MVAR load for indication of full saturation 
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• 2nd Harmonics to indicate initial saturation 

• Excitation current to indicate advanced saturation 

• Calculated estimate of MVAR consumed in the transformer  

• 20 minute history for trending 

• Existing bus voltage 

• 46 of 62 transformers will have harmonics measurements 

using SEL relays 

 

Monitoring EMS and Alarms 
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• Preemptive measures  

• Add Capacitive VARS at substation when 2nd harmonics 

are present or Transformer Excitation MVAR Load   

• Monitor bus voltage for exact amount of capacitance to 

add 

• Switch out reactors in the area 

• Unload saturated transformers (that exhibit “Even” 

harmonics and/or MVAR load 

• Notify Maintenance if you have a saturated transformer 

(next day for follow-up testing)   
 

ATC Operational Procedure (Real-time) 
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Mitigation—Transformer Neutral Blocking 

Device 

ATC is purchasing and 

installing one neutral 

blocking device in 

2013 

Proof of Concept 

• Assess impact 

of device 

Assess efficacy 

of device 



atcllc.com 16 

Blocking Consideration—Series Winding 

Through Flow 
345 kV Line

138 kV System

69 kV line

Earth Resistance

Negligible flow

69 kV line

138 kV System

345 kV Line
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Increased flow but 

less than total flow 

on 345 kV when 

GIC is not blocked

Without Neutral Blocking With Neutral Blocking 

Delta 

Due to 

Neutral 

Blocking 

Device
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transformers in red 
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Modeling GIC 

• Latitude and ground resistivity are critical in the actual GIC current  

• Latitude and Northern WI/UP high resistivity rock are only a rough estimate in the model 
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Modeling—Power World GIC Study  

GSU’s are more susceptible to GIC  
1. Transformer are fully loaded – heating 

damage could occur 

2. Lower impedance for GIC currents 

3. System Models need further refinement 

to account for soil differences in WI 
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Modeling—Soil Conductivity Discontinuities 
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We are a “Transmission Only” utility 

• Modeling must be a cooperative regional effort 
– Account for neighbors system 

– Coordinate responses with neighbors 

– Similar to NERC ERAG MMWG 

 

• Mitigation must be done cooperatively 
– Impacts on Generators in our system 

– Impacts on other systems 

– Regional approach needed 

Mitigation--ATC’s World View  
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• We are moving ahead with the 3Ms of GIC 
– Measurement  

• 22 GIC monitors installed and displayed to Operators 

•  Add Harmonics capability for 44 transformers in 2013 

– Modeling 

– Mitigation 

• We need to continuously implement and learn 

Conclusions 
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Dave Wojtczak 

Team Leader - Substation Services 

(262) 506-6823 

dwojtczak@atcllc.com 
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